In the past 5 years, the use of sorghum as substitutes for corn for feed in China has increased rapidly. Most of the recent growth of demand in sorghum has mainly been met by imported sorghum. Because sorghum is a minor crop and only shares a very small proportion of the grain production in China, few studies have examined domestic demand and supply of sorghum in China. Both China's producers and other sorghum import countries can benefit from forecasts of China's domestic supply and demand for sorghum.
Since 2013, China has shown an explosive growth rate of sorghum imports for feed use and has become the largest importer in the world since 2014. The imports of sorghum in 2015 reached record highs-10.70 million metric tons (MMT), accounting for 80% of the world total exports and 79.60% of the total China sorghum supply. This notable import demand of sorghum has attracted great attention from sorghum exporting countries, especially the U.S., which has become the largest market for Chinese-imported sorghum since 2014. More than 80% of U.S.-exported sorghum was sent to China from 2014 to 2018, and accounting for 88% of Chinese-imported sorghum in 2018.
A large amount of imported sorghum is mainly used for feed to substitute for corn due to low price and low tannin content of imported sorghum. With the further research on the nutritional value of sorghum, imported sorghum may be used more for feed production [3] . The proportion of sorghum substitution reached 40% -50% for duck feed in 2014 and 10% -20% in feed enterprises in 2015 in southern China [4] . In southern China, the proportion of sorghum for feed varies from 20% to 40% according to the formula in pig and duck farms 1 .
China is one of the major sorghum producers in the world. Domestic sorghum production was about 3.00 million metric tons every year from 2013 to 2017, which was mainly used for liquor (baijiu), sugar and food [3] . Because most sorghum is brown sorghum with high tannin content, it affects the digestion and absorption of other nutrients by animals [3] . Production for sorghum has increased since 2012. The production reached 3.2 million metric tons and planted area reached 675 thousand hectare in 2017 because of China's Agricultural Structure Adjustment policy.
Given the fact that corn is still a grain in Chinese "95% self-sufficiency" program, corn imports are limited, and the excess demand for feed grains has translated into demand for sorghum, its closest substitute. Will sorghum demand increase driven by demand for substitute? Given another fact of limited land resources of China, will Chinese sorghum production increase affected by policies?
This research is to estimate the potential expansion of Chinese sorghum supply at a regional level and with alternative technology improvements. At the same time, the study aims at a more specific estimation of Chinese domestic demand by types of use (food, feed, industrial). The study will primarily use Chinese data collected by Heilongjiang Bayi Agricultural University. Final results will be used to complement previous models of Chinese import demand estimated by our Department and to forecast Chinese sorghum potential demand with the increasing of domestic productivity and Chinese price policies. million metric tons ( Figure 1 ).
In China, sorghum is widely used for food, liquor and vinegar brewing, feed, ethanol for biodiesel, and others. Sorghum was mainly consumed as food in China before the 1980s, and its use in the production of hard liquor increased after the 1980s [5] . Since the 1980s, sorghum products have undergone the process from food consumption to comprehensive utilization, such as brewing, feeding and processing. ing. After 2010, FSI consumption was declining due to a large slowdown in hard liquor production, which was likely related to the government's anti-corruption, stated in 2012 [2] . Feed has been the main consumption of sorghum since 2013/14 and accounted for 83% of the total domestic sorghum consumption in 2014/15, the highest in history, and then slowly declined. In 2017/18, feed consumption accounting for 67% of the total sorghum consumption ( Figure 1 ).
Domestic Supply
Chinese consumption of sorghum has been mainly met by increased domestic The production quantity of sorghum increased to 11.09 million metric tons in 1952, sharing 6.77% of the total grain production. In the same period, the area planted increased to 9.39 million hectares, sharing 7.57% of the total grain planted area. Yield of sorghum was 1182 Kg/Ha. In this period, the average annual growths of production, area, and yield were 18%, 1.70%, and 16.03%, respectively. Obviously, yield of sorghum contributed to the production more than did area. Land reform from 1950 to 1952 boosted farmers' enthusiasm for production and promoted the development of grain production, including sorghum.
The production quantity of sorghum has declined since 1953. 2.49 times that of 1960, and was caused by increased investment in agriculture by the government, such as in irrigation, pesticide, and fertilizer. Production for sorghum began to decline rapidly after 1975 and reached a record low, 1.68 million metric tons in 2009, which was mainly due to the reduction of area. In 2008, area planted for sorghum reached a record low, 0.49 million hectares. In this period, the decline of sorghum consumption was the main reason affecting sorghum production. In 2008, the government placed a policy called the "government temporary reserve program" on corn, soybean, and cotton, and this policy encouraged the production of these crops. Due to the limitation of farmland, the area of sorghum without policy support has been greatly reduced. Although yield of sorghum reached 3749 Kg/Ha, this was lower than the yield of corn, rice and wheat ( Figure 2 ). In general, sorghum production has declined ( Production for sorghum has recovered since 2010, reaching 2.98 million metric tons, and the area reached 0.63 million hectare in 2016. In the past ten years, production has been mainly caused by the yield which has increased to 4000 Figure 5 ). The change of the main areas of sorghum production is mainly because sorghum, as one of the minor grain crops, cannot take fertilized land from the major grain crops.
Domestic Demand and Supply of Sorghum: Previous Estimations and Projections
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Heilongjiang Sichuan Guizhou demand of sorghum used for feed is increasing with the development of stockbreeding in the process of Agricultural Structure Adjustment in China. Sweet sorghum is an excellent forage crop with fresh and tender stalks, rich in sugar, soft leaves and good palatability in China. Sweet sorghum has a long history of being used for feed in China. But in recent years, it has been widely planted for feed [9] . According to the survey and estimation of typical feed formulations and feed sources in some provinces, sorghum used for feed accounted for 50% of sorghum production based on the grain output [10] . In addition, sorghum has great potential for ethanol with the increase of energy consumption derived by automotive industry [8] . Sweet sorghum used for ethanol has a great potential for growth in China. The biological characteristics of sweet sorghum are in line with the principle of developing bioenergy in China. Some data showed that the yield of straw and seed would reach 60 tons/Ha and 1500 Kg/Ha, respectively, if sweet sorghum was planted in the saline-alkali soil and 16 tons of straw may produce 1 ton of ethanol. Experiments were conducted in Heilongjiang, Inner Mongolia, Shandong, Xinjiang, and Tianjin [11] . The experiment by the Institute of Botany, the Chinese Academy of Sciences, showed that per hectare of sweet sorghum could produce 6150 litres of ethanol [12] .
There are two viewpoints on the substitution of sorghum for corn as feed in the future. One view is that sorghum may partly replace corn, not completely. Moreover, the substitution of sorghum for corn is due to the rising price of corn, which can be used as a regulation of marketing change, but not a long term solution. The view holds that the function of corn in feed is irreplaceable. One reason is that tannin which is an anti-nutritional factor in sorghum affects the conversion and metabolic energy value. Another reason is that it is not realistic to develop tannase to reduce the effects of tannin on animals because of the high cost. Another view is that sorghum replacing corn is just a trend. One reason is that the problem of anti-nutritional factors can be solved by technology, such as sorghum peeling, ripening, adding enzymes, etc. Another reason is that the cost can be saved RMB 200 yuan per ton if sorghum accounts for 50% of the pig feed. As long as the price of sorghum is 100 yuan/ton lower than that of corn, sorghum has a cost advantage. At present, the price of sorghum is about 300 -400 yuan per ton lower than that of corn 2 .
According to the estimation of USDA, China's domestic consumption of sorghum would continue to decline in 2018/2019 and reach 5.50 million tons, 28.49% lower than in 2017/2018. Feed consumption would decline to 2.80 million tons, accounting for 50.90% of the total domestic consumption, 46.15% lower than in 2017/2018. FSI consumption would increase to 2.70 million tons, 3.85% higher than in 2017/2018. China's domestic sorghum production would increase to 3.45 MMT in 2018, 7.81% higher than in 2017 (USDA).
Li et al. (2010) forecasted that feed grain in China would increase to 113.07 MMT in 2020. OECD-FAO predicted that in China, maize used for feed and domestic production will increase to 171.39 MMT and 250.63 MMT in 2027, respectively [10] . Conversely, Yang et al. (2017) forecasted that China's domestic corn production would decline and the demand of feed grain would increase rigidity and develop to quality and efficiency from 2016 to 2020, which would cause the increase of feed grain imports [13] . Ran et al. (2017) predicted that the demand of feed cereal would increase to 215.95 MMT derived by the demand of meat, eggs, and milk. But these projections didn't include the sorghum demand and supply in China [1] .
Domestic Demand and Supply of Sorghum: Measuring and Forecasting

Measuring on Domestic Supply of Sorghum
China's sorghum production is determined by sorghum area and sorghum yield. In China, self-sufficiency of the main grains (rice, wheat, and corn) is the most core task in the development of the planting industry. So the amount of land is limited for expanding sorghum production. But at present, with the development of breeding, cultivation, and other technology, there is the potential to improve sorghum yield in China, and it is possible to achieve a steady and slight increase in total sorghum production.
On the one hand, regarding of planted area, it is hard to increase substantially the planted area of sorghum in the whole country. The area constraints are af- From the perspective of comparative crop benefits, income of sorghum in Heilongjiang Jianshan Farm was 515 Yuan/Ha less than that of corn in 2018 (Table 1 ). So sorghum area will not increase if farmers only consider the economic factor. Even though the profit of sorghum was higher than that of other crops in 2007 (Table 2) , the area of sorghum has not increased significantly. So the comparative income is not the main reason for the change of sorghum area. China has some potential to increase its national average sorghum yield in the future.
Overall, based on these, sorghum production will be estimated to reach 4.00 MMT in 2020 if sorghum yield and area increase to 6000 kg/ha and 666,630 hectares, respectively.
Forecasting on Domestic Demand of Sorghum
Despite the lack of data on sorghum consumption in China, we try to synthesize various factors to forecast and judge the sorghum demand by types of use (seed, food, feed, industrial), and then forecast the domestic demand of sorghum in China. Industry data showed that about 60% of sorghum is used for feed 3 . According to the data from "Report on Operation Situation and Development Analysis of Sorghum Industry in China", feed consumption accounted for 63.74% of the total sorghum consumption in 2017, decreasing by 16% in 2016. Meanwhile, food consumption and industrial consumption increased by 1% and 15%, respectively, and the data showed that the amount of imported sorghum for industrial consumption and food was predicted to reach 1,300,000 tons and accounted for about 25% of imported sorghum in 2017. (Table 3 ).
Sorghum for Seed
The amount of seed consumption is 7.50 -11.25 kg/ha by manual sowing and 9.75 -13.50 kg/ha by mechanical sowing. So the amount of average seed consumption is 8.6 -12.40 kg/ha. According to the survey, the amount of seed consumption is 10.50 -13.35 kg/ha by mechanical sowing in Heilongjiang Jianshan Farm in 2018. Based on these data and the previous estimated sorghum area in 2020, total seed demand can be forecasted to reach 5750 -8250 tons in 2020.
Sorghum for Food
In China, the crops rice, wheat, maize, soybean and potatoes are called major grains. Other crops, like sorghum, millet, oat, beans, and so on, are called miscellaneous grains. In recent years, with the improvement of people's living standard, the consumption of miscellaneous grains is increasing day by day. The Dietary Guidelines for Chinese Residents recommends eating 50 -100 grams of miscellaneous grains a day, accounting for about one fifth of the total daily food intake, which can ensure the intake of vitamins, minerals and dietary fibers to avoid malnutrition. Nevertheless, the consumption of sorghum for food will only increase slightly, but not significantly. 
Sorghum for Industrial Consumption
In sorghum for FSI consumption, industrial consumption is the main consumption. The growth of FSI consumption mainly comes from the increase of industrial consumption because the proportion of food consumption and seed consumption is small. Sorghum for FSI consumption increased from 1.80 MMT in 2011/2012 to 2.6 MMT in 2017/2018 (Figure 8 ). Sorghum for industrial consumption is mainly used for brewing liquor (Baijiu). So the change of liquor production directly affects the change of sorghum industrial demand.
The change of liquor production in China can be roughly divided into five historical stages: Firstly, the liquor industry developed slowly from 1949 to 1978, and its output increased from 0.11 MMT to 1.44 MMT. Secondly, the liquor industry entered a phase of rapid growth from 1978 to 1996, and its output increased from 1.44 MMT to 8.01 MMT. Thirdly, the liquor industry entered a cold winter period from 1997 to 2003, and its output declined from 7.82 MMT to 3,135,000 kl (from 2003, the unit of liquor production in China has changed from "10,000 tons" to "10,000 kl") [15] . Fourthly, the liquor industry entered the golden ten-year development period from 2003 to 2012, and its output increased from 3,313,500 kl to 15,316,000 kl; Fifthly, since 2013, influenced by the national policy of restricting public consumption and prohibiting alcohol consumption, the development of the liquor industry has entered a period of deep adjustment, and it began to recover in 2016. The output of the liquor industry increased from 12,262,000 kl in 2013 to 13,583,600 kl in 2016. Due to the adjustment of official statistics in 2017, the output of the liquor industry reached 11,981,000 kl, declining by 6.86% compared with 2016 ( Figure 9 ). According to the data of the China Business Industry Research Institute, it is estimated that the liquor production in China will reach 13,186,000 kl in 2018. Guizhou, one of the main regions of liquor production, plans to produce 800,000 kl of liquor by 2020, 75.70% more than that of 2017. The demand increase of the liquor industry is in a slow period, with an average annual growth rate of no more than 9%. So it can be estimated that by 2020 the liquor production will recover to the level of 2017. The predicted value in 2018 is suggested to be presented in Figure 9 . Agricultural Sciences According to the ratio of 1:3.30, it needs about 8.51 million tons of corn. China plans to develop the scale of bioenergy production to 15 million tons by 2020. About 2.67 million hectare of sweet sorghum would need to be planted if 10 million tons of ethanol were produced by only sweet sorghum [8] . This is unrealistic, obviously. According to the estimation of sorghum planting area in China in 2020, 40 million tons of sorghum straw can be produced, which can produce 2.49 million tons of ethanol. 
